Introduction
We have shown recently by measuring the optical Kerr effect and the intensity-dependent ellipse rotation that the nemat~c compound p-methoxy-benzylidene p-n-butylartiline (MBBA) in its'isotropic·phase has a large monolinear refractive index and a pronounced pretransitional 1 behavior.
The large field-induced refractive index causes a moderately but the measurements are more complicated and less accurate. We have now extended our optic~! Kerr and ellipse rotation measurements to p-ethoxy-benzylidene-p-butylaniline (EBBA) which is homologous to MBBA.
We have .found similar results in EBBA as in HBBA. In particular, the results -again agree well with the predictions of the Landau-de Gennes model. Here we ~ould like to give a detailed account of our work· on both MBBA and EBBA.
·r
In Section 2, we review briefly the theories behind our measurements.
In Section 3, we .show our experimental arrangements and compare our results with the predictions of the Landau-de Gennes model. We discuss our results in Section 4 and compare them with results obtained from other measurements.
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LBL-2723 -2. Theoretical Background
We first give a brief review on the theories of the optical Kerr effect and the ellipse-rotation effect. We then discuss these effects in connection with the pretransional behavior of liquid crystalline materials in the isotropic phase.
A. Optical-Field-Induced Nonlinear Refractive Indices of an
Isotropic Medium
The optical susceptibility of a medium is in general a function of 1 . the applied optical fields. For a medium w~th inversion symmetry, _the field-induced optical susceptibility in the~lowest order can be written 7 as (1) By symmetry, the third-order nonlinear susceptibility tensor
-w') of· an isotropic medium has the fo;t.lowing nonvanishing s· elements: (i, j = x,y,z) 
X1212 + X1221 = (a+ a)/12 (4) ..
. where a and p are contributions from the electronic part and the nuclear .
part respectively. If a -0, then xl212 -0 ang xl221 = 13/12.
If .13 = 0, then xi~~i = xi~~z = cr/24. We can determine a and 13 or x 1212 and x 1221 by measuring both the optical Kerr effect and . . 11 the ellipse rotation.
I
We have assumed in the above discussion'monochromatic fields. In practice, the strong optical field may be a .pulse represented by the field components ' (5) where 8'Ct) is the amplitude function. The field-induced -susceptibility 
For molecular reorientation and redistribution governed by a diffusion equation, we expect the response function 13 to have the form 13'(w,w';t) = [13 (w,w')/T] exp(-t/T) (8) where 13 (w,w') is the response function,for an infinitely long pulse and T is the relaxation time. We shall show Eq. (8) explicitly later for an isotropic liquid-crystalline/medium.
B. The Optical Kerr Effect
In the prese.nce of a strong linearly polarized optical\ beam, an isotropic medium shows linear birefringence. This induced linear birefringence is' given by '· (9) where O~f,l = (2TI/n) OX(I,j." From Eqs. (6) through (8), we find
. =· :ja(w,w') l€12 (t) + ~(wtw') '()
where E = (E ± iE )/12 and P+ = (P· ± iP )//2~ The induced circular
From Eqs. (6) behavior of liquid CrYStalline materials. We briefly review the theory here. We shall limit our discus~ion tn nematic substances only.
Let Qij be the macroscopic tensor order parameter which describes the ordering in molecular orientation. 5 As pointed out by de Gennes, {14b) (15) any tensorial property of the medium can be used to define Qij. example, we can define ,
where X~ Ex .. /3 and ~X is the anistropy in XiJ" when all molecules are 
From Eq. (17), we find that the linear birefringence induced by a strong linearly polarized field along t is
If lel 2 (t) is a pulse shorter than or comparable with· 1', then at sufficiently ",_large time t, both Qii and onR, will decrease exponentially with a time constant 1'. We have considered· .here_ only the nuclear contribution to the induced refractive index. Then, comparing Eq. (22) with CJ = 0, we find
Thus, by deducing 't and S(w,w') from experimental results as a
function of temperature, we can determine V/a and (AX) /a.
Experiments and Results

A. Sample Preparation
We made measurements on the two homologous nematic compounds MBBA and EBBA. The samples were purchased from Eastman Kodak and Vari-Light Corporation. They were. used without further purification. The sample was placed in a glass cell o~ 4 em long with end windows free of strain birefringence. The cell was pumped under vacuum for several hours and then sealed under 1 atm pressure of N 2 gas. The transition temperatures of t~e samples prepared this way showed no change over a period .of months.
The cell was then placed in a closely fitted copper block and thermally controlled by a ¥ellow-Spring thermo control unit. The temperature along the cell was found to be uniformly stabilized to within ±0.03°C. The
..
clearing temperature TK of our samples are 42.5°C and 79.5°C for MBBA and EBBA . respectiv~ly.
B. Measurements of Orientational Relaxation Times
We used a single-mode ruby laser Q-switched by cryptocyanine in methanol. The single spatial mode of the laser beam was achieved by placing a 0.8 mm pinhole inside the cavity. The output pu~se width was about 10 nsea ~(full width at half maximum)and the maximum peak power was about 50 kW.
The experimental arrangement for measuring relaxation times is shown in'F::lg. 1 from light scattering by st-inson and Lits.ter. How~ver, we believe our measurements are more straightforward and accurate, especially when 't is long.
C. Measurements of Intensity-Dependent Ellipse Rotation .
In Fig. 4 , we show,our experimental arrangement for ellipse-rotation 
where c is a constant, tan$ = IE+/E_I' 'and we have assumed e « 1.
' · av
Note that the above result is independent of the focusing geometry and sample length.
In our experiments, we confined ourselves to low enough power so that e << 1. We also chose $ = 22.5°. _Since we can approximate our -b2t2
laser pulse well by a Gassian pulse P = P e and we have from We shall compare our results with the predictions of Landau -de Gennes model after the discussion of the optical Kerr measurements.·
D. Measurements of Optical Kerr Effect
Our experimental a~rangement is shown in Fig. 7 . A linearly polarized ruby laser beam was sent through the sample to induce birefringence.
The same beam after having its polarization direction rotated 45° was attenuated and sent back t;hrough the sample to probe the birefringence.
The analyzer P-3 was oriented in such a way that in the absence of 
Discussion
We have seen in Section 3 that the temperature dependence of the orientational relaxation time and the nonlinear refractive index are in good agree-· ment with. the predictions of Landau-de Gennes model. We present in Table 1 the various material coefficients we have deduced from our measurements for ~BA and EBBA. We can now compare our ~esults with those obtained from light scattering.
11
In the theoretical section, we showed that by measuring the orien.o.
v tational relaxation times, we can obtain· -a while by measuring the field-induced . 2 refractive indices, we can get (
X)
In order to determine a, v, and a 6X separately,·we need one more independent measurement. It happens We notice that at a given temperature, the viscosity coefficient V of EBBA is slightly larger than that of MBBA. This is expected because the molecular structure of EBBA is slightly longer than that of MBBA.
The fact that EBBA has an appreciably shorter orientational relaxation time near the phase transition than MBBA is due to its higher clearing temperature. The mean-field parameters .a of the two materials have a .
. .. aEBBA It is well known that such a laser often produces a multi-mode laser beam with complicated spatial and tempera! structure. Since knowledge of the temporal structure of the input pulse is i~portant in their data analysis,, this co~_ld yield c,onsiderable uncertainty in· their results.
Finally, we should mention that the results presented in this paper
were obtained with laser power well belqw the sel~-focusing threshold.
The phenomenon became more· coJ!lplicated after self-focusing occurred.
Investigation of the cause of. this complication is currently in progress.
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